
Project Introduction

Over the past three decades, scores of biomedical monitoring devices have
been deployed aboard U.S. spacecraft and the International Space Station.
These have enabled collection of heart rate, respiration rate, temperature,
sleep/wake activity, carbon dioxide, ultrasound images, and numerous other
physiological and environmental parameters. However, nearly all such
measurement devices were designed as stand-alone systems, unable to
operate together, synchronize data streams, be easily augmented with new
sensors, or coordinate in any way with therapeutic devices. Some systems
under development are being designed to record multiple signals. However,
even these composite systems remain as stand-alone devices. Currently, there
is no flight-ready platform that can (i) automatically bring together data from
disparate human and environment sensors for diagnosis, (ii) make acquired
data available from nearly any location or display device, or (iii) intelligently
incorporate computer aided diagnostic or therapeutic components of the
spaceflight medical system.

We thus developed a prototype platform, called SpaceMED, that can
seamlessly integrate disparate biomedical and environmental sensors and
effectors, including future decision-support and therapeutic systems. The
SpaceMED v2.2 prototype software platform consists of three primary
components: (1) MEDcomm: a suite of listener services that continuously
monitor the external environment to detect and connect with both wired
devices (e.g., ethernet, USB, A/V feeds) and wireless devices (e.g., Bluetooth,
radio, WiFi), (2) MEDproxy: a middle layer that enables any data or control
signals that are "published" to be delivered to the appropriate receiving
systems (as well as being archived), and (3) MEDview: a graphical user
interface for query and display of the collected data and to facilitate device
control.

In addition to developing the SpaceMED software, we demonstrated the
integration of a range of hardware devices in SpaceMED. We integrated seven
classes of commercial-off-the-shelf (COTS) hardware systems with SpaceMED,
using a variety of communication standards: Bluetooth, 802.15.4 radio
communication (using both ANT and TinyOS standards), and USB mass
storage devices. The available devices--including sensors for 3- and 12-lead
ECG (electrocardiogram), EMG (electromyography), heart rate, temperature,
accelerometry, environmental carbon dioxide, and files stored on USB mass
storage devices (e.g., Flash drives and memory sticks)--are automatically
discovered, connections are created, and data is acquired and communicated
through the system without human intervention. SpaceMED is able to deliver
both file-based and telemetry-based data to NASA's Exploration Medical
Capabilities Human Research Program element (ExMC's) Exploration Medical
System Demonstration (EMSD) software, including a 12-lead ECG, file-based
data such as the medical consumables tracking system files, digital still and
video communication, near-infrared neuroimaging (NIN), carbon dioxide
monitors, and radio-frequency identification (RFID) tagging devices. The
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system is designed to facilitate incorporation of future medical and
environmental hardware.

The SpaceMED prototype platform (1) demonstrates the feasibility of seamless
interoperation of components not otherwise intended to work together, with
minimal human intervention, (2) validates the approach for integrating
telemetrically gathered physiological data streams from multiple devices and
display of time-synchronized data from multiple nodes as the information is
acquired, along with file-based data, (3) provides a prototype platform for
future medical capabilities integration, including new sensors, decision
support, therapeutic systems, and device control, (4) leverages previously
funded projects from NASA Ames, NASA Glenn, NASA Johnson Space Center,
and the National Space Biomedical Research Institute (NSBRI), and (5)
provides spin-off potential for use in a variety of Earth-based clinical settings.

Anticipated Benefits

Impact: The integrated platform and devices, plus the autonomous operation
of SpaceMED, will enable collection of data from throughout the spacecraft
(typically unavailable to crews in-flight) while simultaneously avoiding data
consolidation burdens currently placed on crew members and ground
personnel. Real-time synchronization and integration of medical and
environmental data and devices is expected to also facilitate early and efficient
detection and treatment of medical conditions. For example, real-time access
to ambient CO2 levels in International Space Station (ISS) nodes alongside
multi-astronaut cardiac and respiratory data could motivate proactive CO2
scrubbing activities. Or, periodic and timely measures of optic nerve sheath
diameter combined with cognitive performance data and concomitant
measures of CO2 and exercise loads might help identify risk factors for
intracranial hypertension, or even enable early identification of Vision
Impairment and Intracranial Pressure (VIIP). SpaceMED could also potentially
reduce training time by automating or consolidating medical system
complexity. Integration of diagnostic and therapeutic elements will be
essential for developing more autonomous medical systems for exploration-
class missions, and SpaceMED provides a platform for doing just that.

Earth Benefits: We expect SpaceMED will have substantial spin-off impact in
Earth-based settings, as there are numerous similar medical data acquisition
and consolidation needs in research, hospital and remote, rural and first-
responder settings. Benefits are expected to range from efficiency
improvements in primary and emergency care units, where monitors are
constantly swapped in and out and patients are regularly moved, to
streamlined data collection and management in smaller clinics and practices,
to deployment in military and first responder settings where a lightweight,
robust, distributed and easily upgradable architecture is essential and
personnel for data management are sparse or unavailable.
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Primary U.S. Work Locations and Key Partners

Organizations
Performing Work

Role Type Location

National Space
Biomedical Research
Institute(NSBRI)

Lead
Organization Industry

Houston,
Texas

Massachusetts General
Hospital

Supporting
Organization

Industry Charlestown,
Massachusetts

Primary U.S. Work Locations

Massachusetts

Project Transitions

June 2010: Project Start

Technology Areas
Primary:

TX06 Human Health, Life
Support, and Habitation
Systems

TX06.3 Human Health and
Performance

TX06.3.4 Contact-less /
Wearable Human
Health and
Performance Monitoring

Target Destinations
The Moon, Mars
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July 2014: Closed out

Closeout Summary: Our project investigated whether a software platform could integrate as wide a variety of devices and
data types as needed for spaceflight biomedical support. The SpaceMED v2.2 prototype system was successfully developed
and consists of 3 separable software layers: 1. MEDcomm: listens for medical and environmental devices over multiple com
munication protocol standards, connects to the devices, collects and time-stamps data, and packages that data for robust c
ommunication to the MEDproxy layer. It supports USB mass storage, Bluetooth, WiFi, and Ethernet protocols, most any 80
2.15.4 radio bridge (e.g., devices using Zigbee or ANT+ protocols), and filesystem-accessible locations. Devices from 7 disti
nct manufacturers plus any device that makes data available in file format are supported. 2. MEDproxy: receives data from
MEDcomm and routes it to the data archive and MEDview graphical displays. The data archive includes a table for telemetry
data, a repository for file-based data, and a metadata store which provides pointers to the stored files and data channels. M
EDproxy also hosts webservice and websocket data interfaces. 3. MEDview: runs inside a web browser for query and viewin
g of both real time and historical data from multiple medical sensors using nearly any computing platform (Windows, Linux,
Mac, tablet, smart phones). The MEDproxy webservice uses a login page for security and customization. The search page e
nables selection of individual or multiple datasets for display, whether historical or real-time. Control of an external device c
an also be achieved via MEDview.These three modules can be co-located on the same computer (standalone configuration),
or distributed across multiple computers or devices.A radio-frequency identification (RFID)-based system was also develope
d, for rapid association of devices with patients and/or locations. SpaceMED has demonstrated a throughput of over 20,000
samples per second for telemetry data, equivalent to 10 simultaneous 12-lead ECG systems running simultaneously at 250
Hz.Long-duration benchmarking and physiology laboratory analog testing with human participants using 8 sensors over 4 h
our experiments were also successfully conducted. Importantly, SpaceMED can be configured to automatically forward all a
cquired data to NASA's Exploration Medical System Demonstration (EMSD).User training of NASA EMSD developers was con
ducted to facilitate SpaceMED integration and utilization with EMSD. The delivered SpaceMED v2.2 prototype is thus capabl
e of highly automated collection, management, and display of both telemetry and multimedia data in real-time or via the da
ta archive. Our integration efforts enable all data collected by SpaceMED to be automatically transferred to NASA's EMSD d
atabases.SpaceMED could serve as a smart operating system underlying biomedical and environmental devices, eventually
to be integrated with guided-procedures, decision-support, and therapeutic systems.

Stories

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/46532)

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/46531)

Articles in Other Journals or Periodicals
(https://techport.nasa.gov/file/46533)
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Human Spaceflight Capabilities

Distributed System for Spaceflight Biomedical Support

Completed Technology Project (2010 - 2014)

Printed on 12/15/2022
07:58 PM UTC

For more information and an accessible alternative, please visit:

https://techport.nasa.gov/view/23203

Page 4

https://taskbook.nasaprs.com/
https://techport.nasa.gov/view/23203

